Summary of Progressand Results

The operationalreprocessingof the 216 days of LIMS Level 2 (profile) data was performeddue to
improvementsin all LIMS parametersupdatesin spectroscopysince 1980 and in other aspectsof the
LIMS forwardmodel.We havealsorealizedanimportantimprovemenin our knowledgeof the spacecraft
attitude ,basedon a matchingof the calculateolamdLIMS-observed:O2 radiancesn thelower mesosphere

for eachscanduringafirst passof the algorithmto retrievetemperaturerersuspressurel (p) profiles. This
updateto the attitudeinformationwasthenusedfor thefinal retrievalof T(p) andthenfor the retrievalof
the speciegrofiles. The minor seasonahnd hemisphericasymmetriesn the original, archivedVersion5
(V5) LIMS datahavebeenlargely correctedwith this update.Vertical resolutionof the profiles hasbeen
improved, and profile spacingalong an orbit is 1.6 degreesof latitude or less (at higher latitudes).
First-orderaerosolcorrectionshavealso beenappliedto all the speciesAs a resultof thesechangesthe
revised data are much more compatiblewith thosefrom UARS. Further,this reviseddata set can be
consideredas a precursorto both that expectedfrom the HIRDLS experimenton EOS AURA and the
SABER experimenton TIMED. All LIMS Level 2 reprocessingvas completedNovember5, 2001. This
work wasperformedundercontractnumbermNAS1-19570.

Brief summariesof the improvementsare given here. The revised temperaturesare warmer in the
mesosphere,but colder at the tropical tropopause-bothin excellent agreementwith correlative
measurement®r the middle atmosphereDay/nightdifferencedndicatetidal signaturesRevisedozoneis
slightly larger(10%) than V5 in the upperstratospherehut significantly lower in the lower stratosphere.
Thesechangegyenerallyagreewith other measurementsf ozonewithin their combinederror bars.Day
minusnight ozoneis of order+5% or lessin the middle stratosphera\Non-LTE effectsin daytimeozonein
the mesospherare smaller,but still present.The nitric acid distributionsare nearlyunchangeexceptin
the upperstratospherewherethe interfering effectsof CO, are known betterandarebeingaccountedor

in the retrieval. Water vapor has better hemisphericand seasonabymmetryand rangesfrom about3.0
ppmvin thelower tropical stratospheréo about6.5 ppmvin the upperstratospherandat higherlatitudes.
The nighttime NO, is nearly20% lessthanV5 in the upperstratospherandin goodagreementvith the

HALOE sunsetvaluesof NO plus NO,. DaytimeNO2 is decreasedby a smallerpercentageln addition,

therevisedLevel 2 productcontainsprofiles of geopotentiaheightthathavebeenreferencedo the 50-mb
heightsthat were originally providedto the Nimbus 7 experimentteamsby the National Meteorological
Center(NMC).

TherevisedLevel 2 profiles havebeenscreenedor obviouscirrus and polar stratosphericloud signature
effects,asseenin theretrievedozoneprofiles. The screenedlatawill betransferredo CD-ROM mediain
ASCII formatfor easyuseandeventualarchivalatthe GoddardDAAC. The formatfor thosedatais given
below.

LIMSV6 Screening Criterion

The screenedevel 2 producthas certainspecies-specificpressure-altitudéimits and certainmaximum
mixing ratio limits.

The datais screenedising4 criteriain additionto applyinganaltitudecutoff. The screenings donein this
order.
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1. Variances

2. Max values
3. Cloudcheck
4. Outputlimit

1. Screen with variances

This screeningriterionis basedn the sign (negative/positivedf theretrievalvariancesThevariancesre
definedas

(NEN/K) squared

where NEN, the noise equivalent radiance in W/m2 sr, is

channel NEN
NO, 0.00055
H,O 0.0023
O; 0.0037
HNO, 0.0015
CO,(W) 0.0055
CO,(N) 0.0014

andK is thederivativeof thesignalwith retrievedparameter.

During theretrievalprocessthe variancesaresetto a negativeof their actualvalueif theretrievalsdo not
convergeor if theretrievalrestartsNotethata restartwill forcetheretrievalto usea constanimixing ratio
abovethe first goodretrievedlayer; the outputprofile will not showthe constantvalues,but insteadwill
containthe actuallyretrievedvaluesabovewheretheretrievalrestartedThe negativevariancesareusedto
indicatethis fact and makeit clearwhich valuesin the retrievedprofile arevalid. Note that the variance
datais only availablein theintermediatelbfile.

In generalthe screenings doneover two altitude ranges.For the upperaltitude checking,it startsat e
particular heightand movesupward. When the algorithm detectsa retrieval variancethat is negative,it
then setsthe retrievedspeciesfrom that point upwardto 1.0e-24to indicatethat the retrievalfailed for
somereasonFor the lower altitude screeningthe algorithmstartsat somealtitude and movesdownward.
Whenit encounters negativevariancejt setstheretrievedspecieso 1.0e-24from thatpointdownward.

The altituderangegqpressurdevels)for screeningaregivenbelow. Thealgorithmbeginsby checkingfrom

the top pressureupwardand then from the bottom pressuredownward.The middle regionis unchecked
sinceno negativevariancesareexpected.
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top pressure bottom pressure

temperature 0.046mb 114mb
Oq 0.19mb 53mb
HNO4 1.9mb 53mb
H,0 1.3mb 53mb
NO, 0.88mb 53mb

2. Screen with max values

The nextcheckof the profilesis basedon maximumallowedvalues.Eachspecieshasdifferentmaximum
allowed values as well as different altitude rangesover which the profile valuesare checked.If the
maximum value is exceededthe entire profile is pitched. Thesescansare listed on the web site asthe
"removedscans'file for eachday.

The Og profile is checkedrom approximatelyd.22mbto 46mb(layers43to 85 in the standardrofile) and
the maximumallowedvalueis 20ppmv.HNO4 Is checkedrom approximately2.2mbto 46mb(indicies61
to 85) usingits maximumpermittedvalue of 30ppbv.H20 is screenedrom 1.47mbto 46mb(layers58 to
85) usinga maximumvalue of 12ppmv.NO, is checkedovertwo regions.Thefirst regionis from about

1.0mbto 32mb (layers55 to 82) using 25ppbv;the secondregionis from about36mbto 68mb (layer
indicies 83 to 88) which uses10ppbv.Note that no maximumthresholdcriterion was setfor NO, above

the 1mblevel so that polar night NO, signaturesvould be retainedfor the mesospherelhe temperature
retrievalsarenot screened.

3. Cloud check

(g% - g1 ]
gn-1

The codescreengor cloudsnext. The cloud detectionalgorithmis basedon (1) the vertical gradientof the
retrievedozonemixing ratio q and (2) its minimum mixing ratio. The cloud checkwas conductedielow

the 45mblevel n for latitudesequatorward of 30 degreedut belowthe 100mblevel for higherlatitudes.
Whengq > 0.5 ppmvandthe mixing ratio fractionf, is greatethan0.25,a cloudflag is set.

A searchfor polar stratospheriacloud (PSC) signaturesn ozonewas conductedpolewardof 45N and
betweenl0 and100mb.Two criteriawereused.First, wheng<0.2ppmv, a flag is setto indicatethatthe
mixing ratio hasfallen to nearzeroand mustbe likely dueto excessiveattenuatiorof the tangentlayer
signalin regionswherethe temperaturesery cold. Second,vvhen[qn-qn_l] exceedsl.7 ppmv andf is

greaterthan0.7, PSCcontaminations consideredrery likely. Cloud signaturesarefound generallyat the
samelevel for the ozoneand nitric acid (the narrow) channels.The flag for H 20 and NO, (the wide)

channelss setat the previous(higher)altitudelevel, n-1. No high cloud contaminatioreffectsare noted
for thetemperatureandit hasnot undergone cloudscreen.

Somecloud and PSCcontaminatediataare not caughtby the screeningalgorithmand mustbe identified
manuallyor with theaid of varianceexceedenceriteriain thelevel 3 mappingalgorithm.
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4. Output limits

Finally, the dataarepitchedabovea specifiedaltitudelevel for severalkpeciesFor HNOg, datastartingat
roughly 1.7mbandaboveis removed.For H,O, dataat andabovel.3mbis removed.Lastly, the NO,,
profilesatandbelow60mbaredeleted.T emperaturcand03 arenot screenedvith altitude.

5. Data Format And Example

The screened data are written one scan at a time (there are no EOR or EOF markers). The top of each da
data file has a description block, and the top of each scan has a brief description; see the readers providec
for details. Note that the data for a given day are based on complete orbits. For example, the data for a da
will not start at midnight but when the first orbit on that day begins. Also, the data does not end at
midnight but continues until the last orbit is complete.

The first scan header line parameters are

nl_std => Number of tangent layers (number of points) in the profile. Standard s
from 1000mb to 0.001mb (approximately 0.88km spacing).

ngsl => Number of species mixing ratios present

nch => Number of radiance channels present

alat => Latitude of 30km tangent point

alon => Longitude of 30km tangent point (degrees east)

iorbit => Orbit Number

irec => Record Number (currently from level 1 file)

iday => LIMS Day number (Julian)

time => GMT time

idn => Day/Night Flag (1=DAY, 2=NIGHT)

iud => Scan Direction

1=UP, 2=DOWN on unaveraged data
0 on averaged radiances (up/down pair averaged)

alt => Space Craft Altitude (km)

gtl => Time used for gradient calculation (ignore)

gt2 => Time used for gradient calculation (ignore)

icloud => Index of lowest level uncontaminated by clouds (ignore)
iad => Orbit Mode (1=ASCENDING, 2=DESCENDING)
sunasc => right ascension of the sun (radians/1.0e-8)

sundec => solar declination (radians/1.0e-8)

grncha => Greenwich apparent sideral time (radians/1.0e-6)

avrl => angular rate of scan plane (AVerage Rate Last). Units are in percent ¢
tkm => effective twist (radians) of optics with respect to horizon
plai => spacecraft latituc
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plon

=>
szad =>
shift =>
nleavep(1) =>
max_p_reg_it =>

spacecraft longitude (degrees east)

solar zenith angle (radians)

scan twist correction (radians)

number of interleaves in T/P retrieval

5 values (one for each interleave) of the maximum number of registra

Next, there are 6 header lines (one for each channeZN, CQO,W, Og, HNO3, H50, NOZ)' The

IS =>
ie =>
iqw =>
resig =>
npa =>
quality_p =>
good_data_index(1) =>
quality_p(2) =>
good_data_index(2) =>
cloud_flags_pr =>
cloud_flags_index =>

parameters for each channel are

index for start of good data (ignore)

index for end of good data (ignore)

quality word for level 1 processing

1 sigma value for Gaussian FOV from level 1 processing (km)
number of profiles averaged in retrieval

pressure of top good data level

index of top good data layer

pressure of bottom good data level

index of bottom good data layer

lowest pressure where data is not contaminated by cloud
index of lowest layer where data is not contaminated by cloud

The retrieved data follows the header lines. Each of the 109 tangent layers contains the following
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dang_std
zt_std
pt_std
tt_std
rad_std(1)
rad_std(2)
rad_std(3)
rad_std(4)
rad_std(5)
rad_std(6)
tg_std(1)

tg_stg(2)

gmix_std(1)
gmix_std(2)
gmix_std(3)
gmix_std(4)
gmix_std(5)
geo_heights

Data Example (day 312)

depression angle (radians)

height (km)

pressure (mb)

temperature (K)

co2 narrow channel radiance (w/mz2-sr)
co2 wide channel radiance (w/m2-sr)
03 channel radiance (w/m2-sr)

hno3 channel radiance (w/m2-sr)

h2o channel radiance (w/mz2-sr)

no2 channel radiance (w/mz2-sr)

near side temperature gradient (K/arc degree); gradients are obtainec
and generally do not go above 0.1mb

far side temperature gradient (K/arc degree); gradients are obtained f
and generally do not go above 0.1mb

€02 mixing ratio (always 325 ppmv)
03 mixing ratio

hno3 mixing ratio

h20o mixing ratio

no2 mixing ratio

geopotential height (km)

first scan header line looks like

109 5 6 24.1859 335.4459 204 1 312 0:36:12 2 0 947.6079
0.00 0.00 90 2 387100488 -28130831 3370145 0.8588 0.7113
-2.1 348.1 166.6 -2.803E-0552222 2

parameters are
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nl_std => 109

ngsl = 5

NCH = 6

alat => 24.1859 degrees

alon => 335.4459 degrees (east)
iorbit => 204

irec = 1

iday => 312

time => 0:36:12

idn => 2 (night)

IUD => 0 (averaged)

alt => 947.6079 km

gtl => 0.00 (ignore)

gt2 => 0.00 (ignore)

icloud => 90 (ignore)

iad => 2 (descending)

sunasc => 387100488 radians/1.0e-8
sundec => -28130831 radians/1.0e-8
grncha => 3370145 radians/1.0e-6
avrl => 0.8588%

tkm => 0.7113 radians

plat => -2.1 degrees

plon => 348.1 degrees (east)
szad => 166.6 degrees

shift => -2.803E-05 radians
nleavep(1) => 5

max_p_reg_it => 22222

header for each channel
next 6 lines (one for each channel) look like

1270 0 2.1562 1 0.000 0 0.000 0 0.000 0 2.457E-03

1270 0 2.1562 1 0.007 16 464.159 103 113.646 92 2.457E-03
1270 0 2.1562 1 0.013 21 100.000 91 113.646 92 2.457E-03
79270 0 2.1562 1 1.896 60 100.000 91 113.646 92 2.457E-03
552700 2.1562 1 1.468 58 77.426 89 87.992 90 2.457E-03
75270 0 2.1562 1 0.599 51 52.750 86 87.992 90 2.457E-03
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is => 75 (ignore)
ie => 270 (ignore)
iqw = 0

resig => 2.1562 km
npa = 1
quality_p => 0.599 Mb
good_data_index(1) => 51
quality_p(2) => 52.750 Mb
good_data_index(2) => 86
cloud_flags_pr => 87.992 Mb
cloud_flags_index => 90
rad_diff_rms => 2.457E-03 (same for all channels)

parameters are for each channel (using the 6th channel as an example)

Parameters 6-11 will always be 0 for channel 1 (narrovz €annel)

The next 109 lines are the data on the 109 level standard grid

An example of a line would be
5.027660E-01 4.44010E+01 1.668100E+00 2.669080E+02 5.380070E-01 2.080630E+00
5.709640E-01 2.648560E-03 1.902880E-02 5.695570E-03 3.632860E-02 -7.752310E-01
3.250000E-04 4.706740E-06 1.000000E+24 6.981660E-06 9.021640E-09 4.409225E+01

parameters are for each layer
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dang_std
zt_std
pt_std
tt_std
rad_std(1)
rad_std(2)
rad_std(3)
rad_std(4)
rad_std(5)
rad_std(6)
tg_std(1)
tg_stg(2)
gmix_std(1)
gmix_std(2)
gmix_std(3)
gmix_std(4)
gmix_std(5)
geo_heights

5.027660E-01 radians
4.44010E+01 km
1.668100E+00 Mb
2.669080E+02 k
5.380070E-01 w/m2-sr
2.080630E+00 w/m2-sr
5.709640E-01 w/m2-sr
2.648560E-03 w/m2-sr
1.902880E-02 w/m2-sr
5.695570E-03 w/m2-sr
3.632860E-02 k/arc degree
-7.752310E-01 k/arc degree
3.250000E-04
4.706740E-06
1.000000E+24 (missing)
6.981660E-06
9.021640E-09
4.409225E+01 km
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